ABSTRACT
Introduction
One major advantage of glass ionomer cements (GICs) as a restorative material is bonding to dental tissue and due to this, the prepared cavity for this material can be very conservative. [1] In addition to this, glassionomer has many other advantages such as fluoride release, coefficient of thermal expansion close to tooth structure, durable bond to tooth tissue and biocompatibility. [2] [3] In spite of all these advantages, the clinical performance of the material are limited due to other drawbacks: low flexural and fracture toughness, early water sensitivity, low fatigue strength, high surface roughness and poor wear resistance. [2] [3] [4] Many investigators have attempted to modify the formulation of GICs to overcome these problems. The modifications have been done on the powder and liquid composition and configuration. [2] [3] [4] [5] [6] Modification in powder was different in many aspects, from refinement of glass particle size to incorporation of different particles such as metal, ceramics and fibres. [1] [2] [7] [8] [9] [10] [11] [12] [13] [14] Along with modifications in the glass powder of GICs, the matrix has been changed. Some of these modifications are: use of copolymer (carboxylic aciditaconic acid), incorporation of tartaric acid in the liquid part, use of the copolymer with high molecular weight, concentration of poly acid, incorporation of freeze-dried acid copolymer in the cement powder and the use of N-vinylpyrrolidone containing polyacids (NVP). [15] [16] Culberston et al. [7] showed that acrylic acid-itaconic acid-NVP (AA/IA/NVP) polymers with diverse molar ratio can produce GICs with increased mechanical properties.
Hydroxy apatite (HA) can react with GICs matrix by polyacid hydroxyl group, so incorporation of HA into GICs may improve physical properties and biocompatibility of set cement. Besides, it contributes to the bond strength of GICs due to a similar composition to tooth structure. [10] Lucas et al. [10] illustrated that incorporation of HA in GICs powder increased the fracture toughness significantly so it made more durable bond to dental tissues. Moreover, according to Moshavernia et al. [5] addition of nano HA enhanced the mechanical properties of commercial GIC Fuji II (Fuji II LC, GC Corp.; Tokyo, Japan) and it seems that the bonding property was also enhanced.
Micro-sized Yttria stabilized zirconia (YSZ)
powder was added to Miracle Mix (GC America Inc.; Alsip, IL, USA) powder to improve the mechanical properties. The study showed that the uniform distribution of the glass and YSZ particle in the matrix, which ensured a high packing density of GICs, gave relatively high mechanical properties to YSZ GIC. [17] The aim of this study was to evaluate physical and mechanical properties of a conventional glass ionomer material after substitution a leucite glass for the acid soluble glass in the powder of this material.
Materials and Method
The material used in this study was a conventional glass ionomer material, Ketac-Molar Easymix (KMEm) (3M ESPE I.D. No.70201119107, Germany), shade (A3). The principle composition of the powder is aluminum-calcium-lanthanum-fluorosilicate glass and the liquid is an aqueous solution of polycarbonic acid (a copolymer from acrylic and maleic acid) and tartaric acid.
In order to modify the GIC powder, a glass powder with a composition of a leucite glass ceramic (PS4) which was made by a PhD student in Sheffield University Dental School Adult Dental care, was added to KMEm glass ionomer powder. The modified glass powder was ball milled for 10 min and 400 rpm in ball milling machine (Retsch GmbH; PM 100, Germany) to reduce the particles size. To achieve a uniform size of glass filler the leucite glass ceramic was sieved manually with a 45μ sieve (Retsch GmbH; Germany), thus most of the glass had a particle size less than 45 μm.
The leucite glass ceramic was added to the glassionomer powder in 20 vol%. This addition has been done manually by dry mixing on a paper plate using a metal spatula until an even distribution was achieved. For the hardness test, the specimens were ground and polished down to 1μm using SiC papers and diamond paste.
Three samples were made for each experimental group for spectrophotometer test in the silicon rubber mold. The samples were made with a thickness of 2mm and diameter of 16mm. Mixing the modified powder and the cement liquid was carried out by using a metal spatula according to manufacturer's instructions. The mixing time did not exceed 1 min and working time was 3-3.5 min. The cement paste was carried into the mould by metal spatula and was pressed using a glass slab. After the materials were set, the specimens were collected in damp tissue and were stored in an incubator at a temperature of 37ĉ for 1 hour. After that the specimens were stored in distilled water for 24 hours. The specimens were ground and polished down to 600 grit using SiC papers. The thickness of specimens was measured with digital micrometer with a precision of 0.01 mm on three central axes and it was 1±0.1 mm. The specimens were stored in distilled water until the spectrophotometer test was carried out. 
Result

Characterizations of powders
The SEM of glass powder in KMEm (3M ESPE, I.D.
No.70201119107, Germany) (control) and LMKMEm (experimental) groups are illustrated in Figure 3 and 4.
The particle size in LMKME was larger as a result of adding 45μm Leucite glass ceramic. However the particle size of the powder was significantly decreased after ball milling and it can be clearly seen in and experimental (LMKMEm) groups is summarized in Table 1 . One-way ANOVA followed by Tukey's pairwise comparison showed no significant statistical difference between the control and experimental groups (p> 0.05).
Vickers Hardness
The calculated Vickers hardness values are summarized in Table 2 . 
Optical properties
Three optical properties of two glass ionomers were analyzed in this study. 
Discussion
In this experimental study, 20% volume fraction of a conventional GIC (like KMEm) was replaced with non -reactive leucite glass to try and produce a conventional GIC with improved mechanical properties. Leucite glass was chosen to add to the powder because it is a strong glass with an affinity to poly acrylic acid. [22] Simultaneous with preparing and working with glass ionomer formulation, it is really critical to consider working and setting time. In this study, flexural strength test was used to evaluate the mechanical strength of the new cement.
Mechanical strength of many brittle dental materials such as cements is evaluated by tensile rather than compressive strength. Crack propagation is the main reason for the failure of these materials which is favored by tensile rather than compressive loading.
Prosser et al. [24] have recommended that the flexural strength is the most appropriate measurement method for strength evaluation of GICs. They elucidated that, as the fracture would occur in atomic level in GICs matrix by tensile or shear failure; compressive strength basically had no meaning. [24] Although tensile strength is the best method to estimate the mechanical properties of GICs, direct The results in Table 1 [3] suggested that the direct tensile strength of resin modified GIC increased significantly by reduction of filler particle size to 5μm. They claimed that the particle size in KMEm -GIC powder is mainly less than 9.6μm, which means that 90% of the particle having a diameter of less than 9.6μm. Additionally 50% of the glass particles are In this study, traditional Vickers hardness was used to test the hardness of KMEm-GIC and LMKMEm-GIC. As it was mentioned in the literature review, this was not the best method for testing hardness of GICs because this material is a heterogeneous, biphasic and weak. The applying load was 1 kg which might be very heavy for these materials. But it was the only available method for testing the hardness of the new material.
According to the result in Table 2 , the Vickers hardness of LMKMEm was 403±66 MPa which was higher than KMEm (358 ± 22). This greater value could be attributed to use of extremely hard leucite glass fillers; however, this difference was not statistically significant.
Guggenberger et al. [28] reported that the hard- 10 ). This phenomenon was explained by Yap AU. et al. [29] They suggested that the pile-up of the material around the indenter due to plasticity of the material is the main cause of this problem. Therefore, to record exact mechanical properties from instrumented indention, a good understanding of the relationship between indentational load and the true area is necessary. [29] The optical properties of new GIC along with the mechanical properties were evaluated. Filler composition and content also can change the optical properties of direct restorative materials. The addition of leucite glass to the KMEm GIC cement produced a new material with a higher opacity comparing to the original material.
